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Preface 


The Elementary Science Study is one of many curriculum development programs 
in the fields of science, social studies, and mathematics under preparation at 
Education Development Center, Inc. EDC (a private nonprofit organization, 
incorporating the Institute for Educational Innovation and Educational Services 
incorporated) began in 1958 to develop new ideas and methods for improving 
the content and process of education. 


ESS has been supported primarily by grants from the National Science Foundation. 
Development of materials for teaching science from kindergarten through eighth 
grade started on a small scale in 1960. The work of the project has since involved 
more than a hundred scientists and educators in the conception and design of 
its units of study. Among these scholars have been biologists, physicists, mathe- 
maticians, engineers, and teachers experienced in working with children of all 
ages, from kindergarten through college. 


Equipment, films, and printed materials are produced with the help of staff 
specialists, as well as that of the film studio, the photographic laboratory, and 
the production shops of EDC. At every stage of development, ideas and materials 
are taken into actual classrooms, where children help shape the form and content 
of each unit before it is released to schools everywhere. 


TANGRAMS 


According to legend, in ancient times a Chinese scholar had a favorite ceramic 
tile that he considered his greatest art treasure. One day he was walking with 
it in his hands when he tripped. The tile spun from his hands and smashed into 
seven pieces on the stone floor. The scholar spent the rest of his life trying to 
put the tile back together again. 


So much for the origins of the tangram. Whatever its source in fact, the tangram 
is an ancient Chinese invention and perhaps the oldest and most enduring of 
geometric puzzles. |t consists of a square divided into seven geometric shapes: 
two large triangles, a medium triangle, two small triangles, a square, and a rhom- 
boid. The Chinese name is ch'i ch'iao t'u, meaning ‘’ingenious seven-piece plan.” 
À great number of geometric and pictorial arrangements can be made with these 
pieces ; a favorite Chinese pastime has been to imitate the characters of written 
Chinese with tangram pieces. 


Beginning directly with all seven pieces — as was usual in the original form of the 
puzzle — is difficult for children and for many adults. This adaptation of the 
tangram begins with smaller groups of the seven-piece set, in order to help 
children develop skill in dealing with basic geometric relationships before they 
confront more complex problems. In this form, many tangram problems are 
manageable for preschool children; and yet the advanced problems are challeng- 
ing to most adults. Skill develops through experience and does not automatically 
increase with age. It is necessary, then, to have challenging problems available 
for younger students when they are ready for them. It should not be surprising 
to find children who are experienced with tangrams undertaking problems which 
adults find challenging. 


Each box of 7angram Pieces contains four plastic tangrams, two white and 
two black. Each package of 7angram Cards contains 121 patterns which children 
can match by placing the tangram pieces either on or alongside the cards. The 
tangram cards can be grouped as follows: Set | has 2 patterns involving only two 
pieces, 6 patterns that require three pieces, and 9 patterns that call for four 
pieces — 17 patterns in all. Set Il has 27 patterns, all of which require five pieces 
(everything but the two large triangles). Set 111 has 77 patterns that involve 
all seven pieces. (The last 6 patterns appear in pairs and are reduced to half 
size.) You will notice that several patterns in Set III have holes, or open spaces, 
within the figure. Some children do not realize immediately that no piece is 
meant to go inside the holes. 


Four children can work with a single box of 7angram Pieces — each child supplied 
with his own tangram. They can share a set of 7angram Cards. Pairs of children 
have often worked together successfully, helping each other to solve problems 
which either child might find too difficult on his own. You may want to have 
several boxes of 7angram Pieces and sets of 7angram Cards on hand, so that 
more than four children can be working at any time. 


Work with tangrams need not be scheduled as a special activity. The materials 
can be kept in a specific place in the classroom, and the children can come to 
them when they have time available before, during, or after school. Depending on 
their interest, they will want to spend anywhere from a few minutes to hours at 
a time with the tangrams. Many will probably want to take them home. In any 
case, the children should proceed at their own pace after you introduce the 
tangrams and should need little supervision thereafter. 


There is no necessary or prescribed sequence within each set of 7angram Cards. 
The patterns are numbered merely for reference and for convenience in keeping 
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track of those already solved. An “easy” pattern may follow a “hard” one, though 
generally the patterns in Set III are more difficult to match than those in the other 
two sets. In fact, the first pattern of Set III — the original square from which the 
pieces are derived — is considered by many to be the hardest to solve. 


Because the cards vary widely in difficulty, tangrams can be used profitably 
over a broad range of age and ability levels. The two- and three-piece patterns 
in Set | are designed to be easily solved by preschoolers ; some young children 
have worked successfully in Set Il. Most adults find Set III a fair challenge. 


Introducing Tangrams 


À good way to introduce tangrams to younger children is to invite them to 
use pieces freely, without the cards. Combine the four tangrams in each box, 
and let several children make black and white patterns together. This is an ex- 
cellent way for them to become familiar with the shapes and how they fit together. 
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After a while you might want to refine the game by introducing the rule that all 
the borders must fit together exactly — no edges can be left sticking out. 


When they begin to use the cards, younger children may at first be put off by 
even the simplest problems if they cannot immediately solve them. They may 
return again and again for very short periods until they think that they have a 
good chance to succeed. Then they tend to persist longer. A child should not be 
compelled to stay with a problem which is defeating him. Often, upon returning 
at a later time, the child has immediate success because during the interval he 
has gained a fresh perspective or had an entirely new idea. 


When they cannot solve a problem, some children may flip through many other 
cards and decide after only a few seconds that each pattern is too hard. This 
should not be discouraged. The children will return to these problems after they 
have solved others. What is involved here is most important: real persistence 
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implies an acceptance of the possibility of failure. Children who are not used to 
much success or who are under great pressure to succeed will develop such 
persistence only with great difficulty and only after obtaining ample evidence that 
they have a good chance of succeeding. Tangrams provide an excellent opportu- 
nity for children to make a commitment to mental work and its accompanying 
self-esteem, at their own pace and on a comfortable level. 


Not all children begin by trying to fit the pieces into the printed design. Many 
use the pattern as a map, at least to begin with, and consult it from time to time 
as they build a matching pattern alongside. Some prefer to continue doing this 
even when they see others working on the cards. One child asked, “Is it cheating 
to work right on the card ?” Either way is fine, although some designs may be 
very difficult to match when tried off the card. The last 6 patterns in Set III are 
reduced in size, so that they cannot be constructed on the cards. 


Solving Tangram Problems 


Tangrams lend themselves to a variety of problem-solving styles. Children (and 
adults) generally approach the problems at the ‘fingertip” level — moving the 
pieces around until they begin to suggest a vague hypothesis and finally, as if 
by accident, fall into a solution. After a while, the players begin to recognize 
the basic relationships among the pieces — those relationships developed in 
Set | — but it does not necessarily follow that this ‘’analytic” structural knowledge 
will help them to solve further tangram problems. Set | was devised to simplify 
the puzzle enough so that very young children could manage it. It also happens 
to provide a basic geometric analysis of the tangram. (This is not meant to imply 
that for everyone Set | is a prerequisite to the later sets.) Some people are able 
to apply their analysis to further problems, while others, adults as well as children, 
naturally prefer to use their fingertip skill or their power to visualize possible 
arrangements of the pieces. 


No matter which approach is used, a great deal of learning takes place in a 
relatively short time. What is being learned is not how to solve this or that problem, 
but rather how to manipulate the pieces in all their variety. Often children are 
surprised to find that they cannot immediately solve a problem that they have 
solved before. This is a good experience. One reason for including many patterns 
in the set is to encourage children to apply what they have learned to new problems, 
rather than to memorize a few solutions. 


As for analysis, it will come in time, in a form that is natural to each child. It should 
not be forced. Left to himself, a student will find his own way to describe his 
analysis of the problems — like the four-year-old who announced, “Hey, there's 
another way to make a square: half a diamond and a triangle !” 


Related Activities 


Beyond simply working through the cards, there are many activities and variations 
which you and your students may devise. Here are a few suggestions based on 
the experiences of trial classes. 


Making a Tangram File 


Your students will probably begin to invent their own patterns and should be 
encouraged to do so. (There are whole volumes, published in China, of tangram 
patterns that people have made and solved.) Most of the designs on these cards 
are geometric, but a few (for example, Patterns 53-57 in Set 111) are pictorial. 
That is, they are attempts to construct a picture of a person or real object from 
the, tangram pieces. Children can be challenged to invent pictorial designs; 
then their classmates can try both to match the designs with the tangram pieces 
and to identify the subject of the pattern. Patterns that the children agree are 
successful can be kept in a class file or posted for others to try to solve. 


Using Alternative Groupings of Pieces 


Although the groups of pieces called for in Sets | and Il are logical, they are by 
no means the only ones possible. Students should be encouraged to explore 
what can be made from other groupings. They can put records of their findings 
in the tangram file for their classmates to use. Children may or may not want to 
tell how many or which particular pieces are required to match their designs. 


‘’Inventing'” a New Set I 


With older students, you may want to keep Set | back and have them begin with 
Set Il and go on to Set III. After the children have had substantial experience 
with all seven pieces, you can ask them to make patterns which would show the 
basic relationships among the pieces to people unfamiliar with tangrams. The 
object is not, of course, to have them duplicate Set |, but to encourage them to 
carry out the sort of geometric analysis represented there. You may ask them to 
make up patterns that can be made with several different combinations of pieces. 
They may come up with patterns that are symmetrical, like those in Set |, but 
they need not be limited in this way. 


Working Off the Cards 


Once students become skillful with Set III, they should be encouraged to try 
to match a pattern without placing the pieces on the design itself. For many, 
this problem will present a new challenge. Six patterns in Set III (Patterns 72-77) 
already require working off the card because they are printed in reduced scale 
(half size). These problems are apt to be considerably more challenging than 
they would be if the student could fill in an outline. You can pursue matters of 
scale further by having students draw the tangram patterns they make up to a 
reduced scale. You might ask the children what (if any) equipment they need 
to do this. 


Visual Analysis 


Working off the card requires a certain amount of visual manipulation of the 
pieces, especially when the pattern is not full scale. Students can also try to 
visualize solutions to the patterns that are not reduced, possibly in stages. First, 
they can try a pattern by allowing just one trial placement of each piece. Then 
they can indicate where several pieces will fit on a pattern without placing any 
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of them. Finally, they can try to draw a diagram of the solution without touching 
any pieces or even looking at them. An even more difficult task is to study a 
pattern and then try to build it without looking back at the pattern. 


Saquares and Areas 


Because the tangram pieces are so closely related to one another geometrically, 
they enable the student to investigate area without having a background in 
measurement or in geometry. Take the square piece as the basic area unit. How 
many unit squares large is the seven-piece square ? ...the five-piece square ? 
How many other squares can you make from various numbers of pieces, and how 
large are they ? If you use two, three, or four tangrams together, how many other 
squares can you make? Can you predict what size squares can be made from 
these groups ? 


The area of any one piece can be expressed simply in terms of any other piece. 
If the square is taken as the basic unit of area, the following relationships exist: 
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There is no need for children to “learn” these proportions formally. If they are 
consistently successful with the puzzles, they very likely use such knowledge 
instinctively, without even realizing they have it. 


Multiple Solutions 


Many of the problems in Set Il, and practically all in Set III, can be solved in more 
than one way. The great majority of these variations are simple reversals or sub- 
stitutions. In some cases, however, there are legitimate and strikingly different 
versions of the same pattern that can be quite exciting to discover. Children will 
rarely find them on their own, since they are usually so eager to work through 
all the cards that they don't take time to reflect on each problem. 


To bring the matter to their attention, especially with Set III, you can suggest 
that they keep drawings of their solutions and compare them with others’ solu- 
tions of the same problems. Almost invariably, random differences will appear. 
Once they notice this, the children will probably want to explore further. See if 
they decide that there are different k/nds of different solutions. One exercise that 
might help to develop this notion is transformation from one solution to another. 
What do you have to do to make your solution into someone else's ? How few 
pieces can you move ? How few moves can you make? 
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Some transformations will require just 
one or two moves of very few pieces or 
groups of pieces. 


Others will involve shifting most of the 
pieces or rebuilding the pattern from 
scratch. 


What Children Can Learn 
From Tangrams 


Children are likely to enjoy all puzzles and puzzle games, provided they are free 
of the pressure to succeed at achieving a correct solution or winning a competitive 
game. Tangrams allow children to have the fun of puzzle-solving or game-playing, 
without the restrictions of a single possible solution. There are a number of ways 
to solve many of the problems. In addition, some of the most valuable activities 
that are possible in connection with tangrams are not concerned with solutions. 
Building and laying out designs can give even the youngest student a grasp of the 
relations among these simple geometric forms. He may perceive that a range of 
combinations is possible. As a child works through the cards, he may move from 
fingertip solutions, to visual ones, to purely analytic ones. He develops dexterity 
and facility in manipulating the pieces, and he learns from trial and error that his 
own thought processes and persistence can bring him satisfaction. While he is 
playing, he is learning. More important, he is directing his own learning in his 
own way and at his own rate. Learning acquired in this fashion carries over into 
many areas and throughout life. 
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